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Training and validation loss




Neural Networks
Volume 4, Issue 2, 1991, Pages 251-257

Approximation capabilities of multilayer
feedforward networks

Kurt Hornik &
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Abstract

We show that standard multilayer feedforward networks with as few as a single
hidden layer and arbitrary bounded and nonconstant activation function are
universal approximators with respect to LP(u) performance criteria, for arbitrary
finite input environment measures p, provided only that sufficiently many hidden
units are available. If the activation function is continuous, bounded and
nonconstant, then continuous mappings can be learned uniformly over compact
input sets. We also give very general conditions ensuring that networks with
sufficiently smooth activation functions are capable of arbitrarily accurate
approximation to a function and its derivatives.
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BINARY CLASSIFICATION
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Application 1: How can experimental observables constrain
theoretical models?



Observable
Space

Output

EXPERIMENT

)

Input

NSO
OO
NMWONS SN NN NNNNNY

Parameter
Space

Training

THEORY

Pagameter
pace

N OO
NSO
NOOOOOUOSOSS AN
NOOOOOOOUOOAD
NGO
N
N
NSO SN
NSO
NGO
NOOLOOLUUWOW
WO SN AN

WY

NSO
N
NOOSOUSS S S SRR
OO

Experimental

A pplication

N. SATO, JEFFERSON LAB




THEORY S EXPERIMENT

ﬁ

Training

Further splitting Multiplicity
Quantum energy from spin-orbit of states
states of potential  effect \ l
well including ’
angular momentum K 9, 8
e AN Parameter
1g——nrk Space
\‘\
1 9952 10
. 2p, 2
2p " s, 6 Closed shells
2 2p, 4 indicated by
‘ 3 L H "
1f — 2 magic numbers
. of nucleons.
— "h 8
2
1d, 4 ]
3
S — 25 2
id .
1d;, 6

Ob§ervable
pace

A pplication

Experimental
Data

OSSOSO

NSO

Input

MR RRRRRRNN
AR ALYRRLRRR NN
NSO S N SN RNN
OO
NSO
AR RRRRRRRRNN

NSO

OSSOSO S S SR

NSO

NS S SN

Output

ALLLLRRRRRRRN
AL RN
AL
ATLLALLLRRRRRN
ALLLLLR AR RN
ATLLLLLRRRRRRN
AL RR RN
ALLLLLRRRRR RN
LALLM RR RN
ALLLLL LR R RN
ATLLLLLRRRRRRN
N

ALLLLAAR LRGN
ATLLLLLRR R RN
LTLLLLLRRRRRRN
N O

OO
NSO

Observable
Space

Parameter
a§pace

Visualization

mass - =2.3 MeV/c?

charge

LEPTONS

> 213
spin - 1/2 w

up
=4 8 MeV/c?
-1/3
172
down

0.511 MeV/c?

-1

12 %‘
electron

<2.2eVic?
0

- U9

electron
neutrino

=1,275 GeV/c?

charm

=95 MeV/c?

strange
105.7 MeV/c?

N

muon
<0.17 MeVi/c?

0
112 %

muon
neutrino

=173.07 GeV/c?
2/3
top
=4 18 GeV/c?
-1/3
bottom

1.777 GeVic?

1/2 L

tau

<15.5 MeVic?

» Dr
112 Y

i~

tau
neutrino

@

gluon |
v

<

photon

91.2 GeVic?

0

N

1

Zboson |

80.4 GeVic?
1

1

s

GAUGE BOSONS

W boson |

=126 GeV/c?

0
0

H

Higgs
boggn

S — 12

Existing particles

SUSY particles (MSSM model)




MIXTURE DENSITY NETWORK
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FAST MAPPING TO THEORETICAL PARAMETERS

Bayesian Neural Networks
Training — Bayesian inference

Can we make predictions with
accurate error estimates?

oMSSM parameters — total
SUSY cross section



FAST MAPPING TO THEORETICAL PARAMETERS
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Application 2: How can make accurate predictions for
stochastic processes”?
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NEED FOR DISTRIBUTION PREDICTIONS
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JET SIMULATION AND CORRECTION
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IMPLICIT QUANTILE NETWORKS ARCHITECTURE
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IMPLICIT QUANTILE NETWORKS LOSS FUNCTION
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IMPLICIT QUANTILE NETWORKS LOSS FUNCTION
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IMPLICIT QUANTILE NETWORKS LOSS FUNCTION
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